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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Bureau of Aeronautlos, Navy Department

WIND-TUNNEL TESTS OF THE 0.15-SCAIM POWERED

OF THE F!LEETWINGSXBTK-1 AIRPLANE

LATERAL STAHKIJTY AND CONTROL

..”

MOEIEL

..

By Kenneth W. Goodson and H. Norman Silvers

. .

SUMMARY

Tests were conducted In the Langley 7- by 10-foot
tunnel on the 0.15-scale powered model of the Fleetwlngs
XBTK-1 airplane to investlgate~the lateral stability char-
acteti.stlos.

The results of this investigation indicated t~:t the
effective dihedral, with a geometric dihedral of #“, was

4
posltlve for all conditions except wave-off. In this
condition, the mtidelhad ne atlve effective dihedral at

1?lift coefficients above 2.X . The negative values of
effective dihedral were not decreased when the geometrio
dihedral was changed to 11O.

The directional stability was satisfactory for all
#conditions. Increasing the geometrlo dihedral generally
deoreased the directional stability.

!I!be”tests indicated that the airplane will probably
not experience rudder lock.

Results of the rudder modification tests indicate
that the positive variattm of rudder hinge-moment aoef-
figient with yaw, which may result In snaking of the
airplane, may be reduced by either unsealing the rounded
horn or removing the hozm and sealing the gap.
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The rudder ef’festivenesswill probably be suffloi.ent
to trim ths airplarm with the wings level in any oondi-
tion. In the wave-off oondition, the rtider-tab deflec-
tion would be Insufficient to trim the pedal foroe to
zero at zero bank.

The aileron effectiveness will probably be satis-
factory thro~out the argle-of-attack range.

INTRODUCTICU

At the request of the 3ureau of Aeronautics, Navy
Department, a series of tests was rade in the Langley
7- by 10-feat tunnel of a 0.15-scnle powered model of
the Fleetwings X3TK-1 airplane. !(!:eInvestigation was
oonducted to grovide data on the stability and oontrol
characteristics of the model. Zhe longitudinal stability
and control results of this Investigation are presented
In reference 1. The present report Includes the results
of’ tests made to deterndne tks lateral stability and
oontrol characteristics of the model. From the results
of these tests the probable flyinK qualities of the
airplane may be est~mated.

C9’EFFICIgNTS

.- .

AND SYM30LS

The results of the teats are presented as standard
NACA coefficients of forces and moments. Rolling-,
yawhg-,and pitchln~-moment coefficients are given .
about the oenter-of-gravity location shown in figure 1
(25.6 percent of the mean aerodynamic chord). The data
are referred to a system of axes In which the z-axis Is
In tti plane ~f symetry and pe~rpendicularto the
relative ti.nd,the X-axis is in the fllaneof symetry
and pe~endimlar to the Z-axis, and the Y-axis is per-
pe-ndicularto the ~lane of s~etry.

The coefficients and symbols

CL lift coefficient (z/qs)

c% resultant-drag coefficient

are defined as follows:

(X/qs)
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-%
lateqal-foroe coeffiolent (y/qS) .

Cz rolling-moment coefficient (L/qS~ )

h pitohing-moment ooeffiolent (Vqso )

c~ yating-moment ooeffioient (N/clsbw)

Ch hinge-moment ooeffiolent -(H/qb= )

Tov effective thrust coefflolent (Te/qS) “

nDfV propeller diameter-advance ratio . .

m propulsive efficiency (Te~’/2~Q)

% torque coefficient (@V2fi) ‘
.

where the quantities are defined below and in figure 2

$
}

forces along axes, pounds. .
z

L
M1 moments about axes, pound-feet
N . .

H

Q

Te

q

s

b

b

v

hinge moment of a control surface, pound-feet

torque, pound-feet

effective thrust, pounds

dynamic pressure (PV2/2), pomds per square feet

wing area (8.55 sq ft on model)

wing mean aerodynamic chord .(1.22ft on model)

root mean square chord of a control surfaoe baok
of hinge line, feet

wing span (7.33 ft on model)

span of control.surfaoe, feet

air velocity, feet per second
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propeller diameter (2.04 ft on model)

revolutions per seoond

weight of the airplane, pounds

mass density of air, slugs per cubic foot

angle of’attack of thrust line, degrees

wing setting with respeot to thrust line (2° on
model)

angle of yaw, degrees

control surfaoe deflection, degrees

propeller blade angle at 0.75 radius (18°)

effeotlve dihedral, degrees

geometrio dihedral, degrees

Subsorlpts:

a aileron

w wing

r rudder

f flap

t tab

* denotes

(+, at, right ~d left aileron)

partial derivative of a coefficient with

respect to yaw
(9xample: CZW =- %)

MODEL AND APPARAllTJS

The XBTK-1 airplane is a single-place single-engine,
carrier-based,
cantilever low
slotted flaps,

dive and torpedo bomber with a full
wing. It has partial-span, extensible
Itpicket-fenoe“ dive brakes, adjustable

#
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staMlizer, and a fully retractable conventional landing
gear. At-the design gross weight, the airplane carries
a radar unit under the ri@t wing ~anel and an audliary
droppable fuel tanlcunder the left wing panel in addition
to one 100C1-poundbomb under the fuselage. The rudder Is
aerodynamically balanced by a comblnation of an overhang
balanoe, a horn, ati a tab. The balance tab has a defleo-
tton rate of O.51 of the rudder deflection and may also
be hand-cranked to a maximum deflection of *50 for
trimming. Each aileron is aerodynamically balanced by ‘
an Internal sealed balance and a spring tab. The balanoe
area Is 41 peroent of the aileron area. A s~~y of the
physloal characteristicsof the airplane Is presented
in tables I, II, and III.

The model was furnished by t-m Fleetwings Dlvislon
of the Kaiser Cargo Corporation. A three-view drawing
of the 0.15-soale model is shown in figure 1 and photo-
graphs of the model are given in figures 3(a), 3(b),
smd 3(0). Small wooden dowels were placed In the leading
edge of the wing (18.09 in. frm the center line) to
simulate cannon on the airplane.

The model was equip~ed with a slotted extensible
type of latiin flap which extends across the fuselage
(figs. 3 and ~fa)) with a 22. 5-percent chord and a
1+3.l-~ercent snan. The center and the outer flaps can
be operated se~arately. Special fittings were supplied
for changing the geometric dihedral.

me d!ve bralms (figs. 3(c) and h(b)), whioh are of
the picket-fence type, are mounted on the upper and lower
surfaces of the oenter wing panel near the trailing edge.
The hinge llne of the upper surface brake Is looated at
the trailing edge. !lhehinge line of the lower dive
brake is, however, located at the leadlng.edge of t~
lower brake in the conventional manner. The dive brakes
on the atrplane are linked tOgether in such a manner as
to reduce the total hinge moment of the system

The verttcal tail has a modified NACA 66,2-015 root
seotion and a modified NACA 65,2-009 theoretical tip
section. The modifioatlon conilsted of replacing the “
map trailing edge with a strai@ line fairlng tangent
to the airfoil oontour at the 0.70-ohord section. The
rudder had an area of 30.5 peroent nf the vertioal tail
and was mass-balanoed. The model was tested with several
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modifications of the vertical tail as shown in figure 5.
The rudder was first modified by rounding the lower sur-
face of the horn balance. It was furthep modified by
msking-hinge cut-outs in the balanoe and in the seal
(modif’lcation3). The rudder was sealed up to the horn.
The data presented herein are based upon the above modi-
fications (fig. 6) since these modifications represent
the protot~e-alrplsm. A further modlflcatl.on-was
made by removing the horn.

The tileron on the model, which was located out.
board of the center wing panel, had a span 54 percent
the wtig semlsp~~i The +leron wan of constant per-

( )centage chord ~ = 0.20 . All tests reported herein
Cw

were made with &n aileron seal of cellulose tape. No
provisions were made on this model for the measurement
of aileron hinge moments.

The.model was equipped with a 2.04-foot-dismeter
propeller with blades set at 18° and was powered by a
56-horsepower Induction motor. The propeller speeds
were determined by a small alternator tachometer and a
cathode-ray oscillograph combination.

The model configurations referred to in the text
and on the figures are as follows:

1. Cruising configuration
Flaps neutral
Landing gear retracted
Fuel tank on left wing
Radar on right wing

2. Landing configuration
FLaps deflected 45°)
Landing gear extended

(a) Main wheels down
(b) Wheel-well cut-outs in wing open
(c) Tall wheel down
(d) Tail-wheel door open
(e) Arresting hook extended

of

Fuel tank on left wing
Radar on right wing
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3. Diving conf’iguration
Upper

J
laps d6fIbot5d-( 3°)-

Lower di;~ flaps deflected ( Oo) .
Center flap deflected (45°)
Landing gear retracted
Radar on right wing .

The rudder, rudder-tab, and aileron deflections
were set by means of templets to ~Oo 30?. Flap and
dihedrai fittings were supplied by the manufacturer.
Str~n g%es and strain-gage fittings were constructed
and installed by the Langley Laboratory.

TESTS AND RESULTS .

Test conditions.- ‘Theteats were made at dynamic
pressures of 9 21 ad 16.37 pounds per square foot,
corresponding ;O airspeeds of about 60 and 80 miles
per hour. The test Reynolds numbers were about 685,000
and 910,000 based on the wing mean aerodynamic chord of
1.22 feet. Because of the turbulence factor or 1.6 for
the tunnel, effective Reynolds numbers (for maximum lift
coefficient) were about 1,100,000 and 1,460,000.

Test procedure.- The model propeller was calibrated
by measuring the resultant drag of the model in the
cruising condition at zero angle of attack for a range
of’propeller speeds. The thrust coefficients were deter-
mined from the relation .

,.
Tc t = CD - CDR

. .

where CD Is
removed. The

the drag of the model with the propeller .
torque coefficient G. was computed from

the motor calibra~ion chart (torque-as a funa~ion of
minimum current) using the mintium current of the motor
for each propeller speed. The ropaller calibration IS

presented as a function of nDfi (fig.7). Thevari-
ation of lift coef~icient with thrust coefflctent for
the airplane is presented in figure 8(a). With the aid
of these two figures, a propeller speed required to
simulate the specified power condition may be determined
for a particular tunnel speed. All tests reported hereim
were made at thrust coefficients stimulatingtake-off
power on the prototype airplane. The torque coefficient

. . .-
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of the mode10 as a function of’lift coefficient, was In

%~eaRig.8(b]). ~ltestsstiu~at~wintii~~ing
cement.with the torque ooefflclent of the alr-

power were made at a thrust coefficient of -0.010.

CorrectiOnso. All data have been corrected for
tares caused by the model support strut. Jet-boundary
corrections have been “appliedto the angles of attack,
the drag coefficient, and the tail-on pitching-moment
coefficients.

Presentation of data.- The results of the lateral
stablllty Znvestlgation made on the 0.15-scale model of
the XBTK-1 airplane are presented in the following
figures:

Figure
no.

A. Rudder-fixed stability
1. Lateral stability parameters . . . . . . . . 9
2. Lateral stability characteristics in yaw . . 10

B. Rudder-free stability . . . . . . . . . . . . . . 11

C. Control characteristics:
1. Effect of rudder modification on the aero-

dynamic characteristics in yaw ● 9 12
2. Effect of rudder deflection on the ;e;o~ .

dynamic characteristics in
(a)Yaw. . . . . . . . . . . . . 13 and 14
(b) Pitch . . . . . . . . . . . . . ...15

3. Effect of rudder-tab deflection on the aero-
dynamic characteristics in yaw . . . . . 16

D. Aileron chmacteristics in pitch . . . . . 17 and 18

DISCUSSION

Rudder-Fixed Stability

Effective dihedrsl.- The effectiv dihedral with the
?

original geometric dihedral angle of 8~0 w= Positive for
all conditions except for the take-off-power, landing
configuration where it becomes negative above a lift
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coefficient OX about 2.1.m. The effeotlva dl~dral for the
hl@i-~sp66d”co”tiitionwas fairly high-(8:7°). TMs value
was obtained from figure 9 by using the theoretical value
for ~CZ~~ of 0.00023 per degree of effective dihedral
(reference 2). A comparison of tail-off and tail-on
data shows that the vertfcal tail has a large positive
eff’ecton the effective dihedral for all configurations ,
and powers. Because of tlm large incremental ohange in
rolling moment with rudder deflection (fig. 13), t~ .
slope of the rolling-mmnent curve will becmne less
positive or more negatfve when the model is trimmed In
yaw;’therefore,-the.effective.d~hedral”wlllobpdeoreased.
The effective dihedral for the.trimmad wave-off’condition
(take-off power, landing configuration) is about -3.5°
to -k.Oo at a lift coeff~cient of about 2;06 (fig.13(e));
however, figure 9(d) indicates that the effective dihedral
will probably be decreased at higher lift coefficients.
~ an effort to increase the effective dihedral in the
wave-oPf condition, it was decided to increase the
geometric dihedral angle to 11O. Calculations by the
method of reference 2 indioated that CZW should be

increased by 0.00Q48 when the g:gmetrio dihedral.of the

outer panels was changed from
%

to 110. The measured posi-

tive ilaoreaaln& corresponded very closely to the cal-

culated value in all conditions except for the wave-off
condition at lift coefficients above 2.28 for which case
the ei’fectivedihedral was actually reduced (fig. 9(d)).
The explanation for this negative increase in effective
dihedral is not Imown at present; however, similar
results have been observed on another model tested in the
Langley 7- by 10-foot tunnel. Good agreemnt in Cl

*
was obtained between the data from yaw-range tests
(fig. 1 ) and those from pitch tests l:adeat w = ~50

?(fig. 9 ●

Directional stabilit~.- The test data indicated
that the model was very stable directionally for all
conditions; the value of CnW was always greater
than -0.0015. Lowering the flaps (fig. 9(c) and 9(d))
generally increased the directicmal stability throu@out
the lift range. The directional-stability did, how-
ever, decrease somewhat as the lift increased in the
landing condition. The directional stability increases
in all conditions when power is applied (fig. 9).
This increase is most pronounced in the wave-off con-
dition (take-off power, landing configuration). The
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.parmneter
c%

determined from tests made through the
yaw range.agree well with the c% of l~terd stability

parameter tests. The directional stability parameter
obtained from yaw tests is tabulated below for the sake
of com arlson for various model configurations and power

7ondlt.ens...-.—

Figure
no.

13(SL)

13(b)

13(0)

13(d)

13(e)

m

Node1
configuration

Cruising

Oruising

Cruising

Landing

Landing “

Dive

a

11.0

-a5

797

10.5

10.0

1.0

CL Power

1.4 Whlmilling

●3 Take-off

1.03 Take-off

1.* Windmllling

2.o6 Take-off

● 15Windmilling

. .
bcJ w
(jr-o

rail-onTail-off

■0.00187o● 00080

-.00208 .00068

-.00280 .00112

-.00220 .00080

-,Oom .00*9

-.00212--------

Increasing the geometric dihedral angl’Ito 110,
in general, decreased the directional stability. For
the wave-off conditions, Cn.,,was increased slightly at

lift coeffIciants above 2.2A when the geometric dihedral
was increased.

~ateral force.. The positive values of cY~ for all

conditions indicate that the airplane will have’right
sldeslip with right bank and vice versa. The tail Increases
the positive value of cY~ as shown by comparing tail-on

T

and tail-off data,

Pitching moment due to yaw.- The data of figure 13
Indicate substantial changes in pitching moment with
yaw for the power-on conditions. However, estimations
indicate that less than 1° change in elevator deflection
would be sufficient to trim the pitohing moments resulting
from a change in rudder deflection of ~5°
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Rudder-Free stability,.. .(. .

Rudder-free characteristics.- The rudder-free char-
acteristics for he “most crltlcal conditions were obtairied
from data of figures 13 and 16. .These rudder-free data
were obtained by taking Into consideration the balance-
tab deflection end a trim-tab deflection o? 5°. curves
are

%
resented also considering only a trim-tab deflection

of5. From preliminary calculations, trim-tab deflec-
tions of 5° and 15° were required for the take-off power
cruising configuration and the take-off power landing
configuration, respectively; however, since only ~5° of
trim-tab deflection was provided for on the prototype
airplane, the rudder-free curves were determined for
this value. The results (fig. 11) indicate that the
airp1ene will probably not have rudder lock; however,
there is a tendency for rudder lock at both negative
snd positive yaw values of about 100 to 150. A Com-
parison of the results obtained with the balance tab
locked and operating indicates that the rudder-lock
tendency is aggravated by balance-tab deflection. The
rudder-frge characteristics with the balance tab locked
are comparable to those of a spring tab. It IS thought
that by using a spring tab to obtain aerodynamic balance
of the rudder the trend toward rudder lock may be
reduced.

. CONTROL CHARAOTIIRiSTICS

Rudder modifications.- The original rudder horn had
a flak under surface. It was thought that this might
lead to early compressibility effeots. Also, it was
noted from preliminary tests that with the original
rudder Chw was positive. Since snaking of the air-”
plane may result from this aerodynamic characteristic%
of the rudder, it was desired to determine the effect
of various modifications (fig. 4(a)) in reduqing the
positive value of Chw. Results o? rudder tests con-
ducted through the yaw range (fig. 12) indicate that Ch

w
may be appreciably reduced by either unsealing the rounded
horn or removing the horn and sealing the rudder gap. The
latter modification reduces Chw to approximately zero.
The effectiveness of the rudder was increased by rounding
the under surface of the horn (modification 1). ‘The o
other modifications decreased the effectiveness.
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A comparison of the results of the rudder modlfloa-
tions at small rudder deflections is presented in the
following table.

Rudder
modification

Original

1

2

3

)+

5

The increment

bCn/b6r

-0.00156

-.00185

-.00105

..00163

-.00142

-.00138

bc#*

0.0031

.0027

.0018

.0027

● 0009

0

d@)~~

-o ● c)021+

-.0024

-.0016

-.i)030

-.0025

-.0035

)f Chti obtalnod when the horn was

removed (approximately .0~o027) (figs. 12(d) and 12(f))
checked closelv with the estimated value (-0.0021)
using data of ~eference 3.

The rudder modifications have very little effect
on the cross-wind and rolling-moment coefficients.

Rudder and rudder-tab characteristics.- The rudder
(modi~cation j) and rudder-tab ei’festivenessas deter-
mined from figures 13, lb, and 16 are presented in the
following tabiet --

Mode1
)onf@uration

Cruising

Cruising

Cruising

Landing

Landing

Dive

.-

a CL

11.0 1.14

-m5 .23

7.7 1.03

10.5 1.63

10.0 2.06

1:0 ● 15 1’
Windmllling -0.00153

Take-off -.c0163

Take-off -.00251

Wlndmilllng -.00155

Take-off -.00311

Wlndmillin -.00142

-0.00265

-.00340

-.00600

-.00334

-.00950

--------
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The rudder and,
. - Incrdzumd with

tion. “-

13

rudder-tab effectiveness are greatly .
take-off power in the landing oonfigura-

Prellminary calculations indicate that there will
probably be sufficient rudder effectiveness to trim the
airplane in yaw with the wings level for any conditl”on.
Further estimations indicate that there is sufficient
.tdim-tab deflection to trim the pedal force to zero with
the wings level except for the wave-off condltlon.

The rudder hinge-moment coefficient does.not show an
appreciable ohange in the dive oonflguration as.cmmp~ed
with that of the cruising oonflguration.

A positive r.~der-tab deflection of 10° (fig. 15)
has a small constanteffect (-0.003)on the yawingmoment
throughoutthe lift range for the take-offpower, cruising
configuration. The rudderhinge moment resultingfrom
a 10° tab deflection (zero rudder) will overbalance the
hi e moment caused by 10° of rudder deflection (zero
Ttab . ;The lateral force 1s reasonably constant throughout

the pitch range. .

Aileron characteristics.- The aileron characteristlos
were obtalned from tail-off tests for two model configura-
tions (cruising cmd landing). The results of these tests
(figs. 17 and 18) indicate that the effectiveness of the
control surface is very good throughout the angle-of-
attaok range. Flap deflection has no appreciable effect
upon this condition. Preliminary calculations from
unpublished data indicate that the required helix angle
of 0.08 may be obtained by the airplane in either the
landing or high-speed conditions.

The adverse yaw.resulting from aileron deflection is
InDreaded when the flap is deflected.

CONCLUSIXINS

The results of wind-tunnel ~ests to determine the
lateral stability and control oharacterlstlcs of the
XBTK-1 airplane indicate that the following conclusions
may be drawn:
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1. ~ effective dihedral was positive for all oon-
dltions’exoept wave-off where it was negative at lift
coefflolents above 2.10. The”negative effeotive dihedral
for this condition was greater when the geo~otric dihedral

angle of the outer panel was changed from
t

to.11O.

2. The directional stability should be satisfactory
for all flight conditions. Increasing the geometric
dihedral angle generally decreased the directional stability.

3. The posltlve values of cY~ for ali conditions

indioate that the airplane will have right sldeslip with
right bank, and vice versa.

4. The estimated rudder-free characteristics indicate
that there will ~robably be no rudder lock although
snaking of the airplane may result from the positive
variation of rudder hi~ze moment with angle of yaw with
the horn balance in plaoe. , .

5; The variation of rudder hinge moment with angle
of yaw was reduced to approximately zero when the horn
was removed. The rudder effectiveness was increased when
the horn was rounded but was decreased when the gap was
unsealed, when hinge cut-outs-were made in the seal and
balance,and when the horn was removed.

6. Estimations indicate that there is probably.suf=
flcient rudder effectiveness to trim the airplane with
wings level and, except for the wave-off condition, -
there is sufficient tab defleotlon to trim the pedal .
force to zero with wings level.

7. The effectiveness of the aileron should be
satisfactory through the angle-of-attack range. The
adverse yaw resultlng from aileron deflection is inoreased
when the flan Is defleoted.

LanGley ~morial Aeronautloal Laboratory
National Advisory Committee for Aeronautics

Lan~ley Field, Va. .

. . . ,, ,-, ,.. ,,.,. ■ ✌✍
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‘TABLE I>

Name

DESCRIPTION OF

wnd type . .

Engine . . . . .

Ratings :

Normal power

Take-off power

Military power

Propeller . . . .
Diameter, f.’t.
Blades (number
Gear ratio , .

,

.

.

.

.

.

.

.

.

.

.

.
and
.0

F!L13ETWINGS .l~.i3TK-1 AIRPLANE

XBTK-1 (Navy dive-torpedo “bomber)

. . . . Pratt & Whitney R-2800-22W

(1700 bhp ab 2600 rpm at sea level
1700 bhp at 2600 rpm at ‘7000 ft

145.1 0 bhp at 2600 rpm at 18,500 ft
“21OO bhp at 2800 rpm at sea level
J 2100 bhp a:8t#:p;p:t::61::: ::
\.1600 bhp a: ?

.,0.. . .

. ...0 . .

designation)
● ✎☛✎

..0.Activity factor .
Blade thickness (h/b)Oa75R

Normal gross weight, lb . . .

Over-all length, t’t . . . . .

over-all hefgh~, ft . . . . .

Wing span, f’t . .. . . . . . .

.

.

.

.

.

.

.

0

●

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

✎

✎

Hamilton Standard
.
.
.
.
.

.

.

.

.

.
●

✎

✎

✎

✎

✎
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AIRPLANE WING

1. .
IArea, sq ft

Ispan, ft

IAspect ratto

Taper ratio

Dihedral, deg

ficldence, deg

Geometric twlsl
deg

lRootsection

Tip section

Mean aerodynamic
chord, ft

Root chord, ft

Theoretical ti]
chord, ft

wing

380

48.67

6.23

.50

8.25

2

-2.2

“ACA2416

“ACAk~12

a.1~

9.17

4.585

TABLE II

AND TAIL-SURFACE DATA

aIncludes dorsal fin.

Horizontal
tail

80

18.5

4.26

●53

o

2 to -7

0“

NACA 66,2-015
Nodifled

NACA 66,2-009
Modified

-------------

5945

3.20

Vertical
tail

a51.25

8.54

104-2

.------------

.------------

0

0

:ACA 66,2-015
Modified

JACA 65,2-00;
Modified

.-----------.

6.89

2.67

.

NATIONAIJADVISORY
COMMITTEE FOR AERONAUT~S
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Percent span

Area, aft of hinge line, sq f%

Balancearea, sq ft

Trim-tabarea, sq ft

Percent span

Tab travel, deg

Balancetab area, sq ft

Percent span

Tab tra~el, deg

Controltravel, deg

Root mean square chord, ft

Distanceto hinge line from
normal e.g. (25.6), ft

al.20 sq ft horn..,
‘Left aileron only.
Ch!easuredfrom aileron contour,

Ailerons ‘ Elevators

95.0

22.53

~clc.,6

Xone

-- ---------

-----------

3.36

3597

i15(i~5lb)

15, +5

1.27

22.00

—“

Rudder

10CI

15.66

a5.02

1.00
25.0

~5

1.0s

23.0

*15(bt=-o.~lbr)

go

1.90

23.57

Flap deflections(correspondingpowers)
=ding, deg . . . . . . 45 (power off)

Flaps

43.1

l@.o

-----

-----

---- -

-----

-.---

-----

-----

45

2.06

-----

Dive brakes

Upper51.4
Lower35.1

-----------

-----------

-----------

-----------

-----.-----

-----------

-------------

cUpper ~
Lower 80

Upper 1.L5
Lower 1.55

-------- ---

Cruising, deg . . . . flaps retracted
Diving, deg . . (center flap) L5
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figure 2. – #o#of/’on of the system of oxes
ond the control- sw f uce hjhge momen AS und
c$ef/ec *ions. (%rows indicote ~osifive vulbes.)



FiguTe3(a).- Three-quarterfrontviewofa0.15-scalemodeloftheXBTK-1 airplane.
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Figura3(b).- Three-quarterrearviewofaO.15-scalemodeloftheXBTK-1 airplane.
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Figure3(c),- Three-quarterrearviewofthedivebrakestestedon the0.15-scale
modeloftheXBTK-1 airplane.
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Alldlmenslon$ m inches

Total vertlcul tall area ----- – -- /./5W f~%
Rudder area aft of hinge -- ---- –-352” sq ff
Root mean sqwre chord aft of hinge -- 3.4z m.
Unsh\el&darsoof rudder horn --- – --- .0/6 sq ft
Shleldsd area of rudder Iwrn -------.011 sq.ft

* includes dorsal fin

Not to scale

—4.BOO”

2?’

--225 -+’.55 + Theo.tip modn?ed

--/.92+ sect[on NACA642-W9

SSChO/7 topant A)
Typical section

Thea root modjfied” / I

5d’OnNAa’*.j..27+
1“ Rudder Hinge

Ongmal vertical tail

u

1?, ,A+P Mnrit f,c”tlmc I no+ni:c,,. . .. . . . .. ,.,,. --, .,.-

1- Horn roun&d

4!?

,:/
R .;.

,\

II

;,l
A-A

I

2-Horn rounded
/ ;’ ,:

Unseoled !’
./,

==!3

3-Horn rounded and two dum~y -: *“,,,, ~

-EL

hinge cutouts in b~lance : % :

Rudder sa?led up ta horn with .;

P

,:

J

.,.C2~

fwo dummy hinge cutouts In Detail A 4’ .ktd
theseal of dtrnensjons ~”( ~“ \A

;’ ;
widfh fa- the 7’and 5,5”
location of hinge cutouts
re;pechvely m

Ru.i!er f

‘ ‘“””+

4-Horn removed and complete~
sealed up fo tip except tbr

dummy hmqe cufouts m seal

.“ 4

-.
A

and balance

5 -Horn rem~e~ ad sealed up
to pmf A with cufwfs
same us m modnkohw 4 Rudder

+- ‘

WJTWALAWSORY
MwllIls FOB mw,wlm

z
o.

r

F\gure 5._ Comparism of rudder modiflcaflons as tesfed on the 0.15 scale maiel of the XBTK- I olrpfow,
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7otcx/ ver~ico/ kvl area - -–-–- –*I. /5 sq ft
Rudder orm ~fi of hinge –-– 0352~ fl
Root mms ume c~rd

oft of /’7)7 2
z

.——————————––3.42 in
Cutouts m eal L cY&& wide

for hib e ciztou% at 2’0 wd
255, r spciWe/y.

Avemqe AzYfingedqe mq/e--–20°45’

*I~c/ucjeS dorso/ fin

Note- Not b scale, LY7o%vem;om hches

[/25 ~

), h ––~..

+ [0 —

55

I
4.,5 NACA @2-OH MOd

-1 — — -J---@h”” - -A

r
WI

F7 ure 6.
?

- Drowing of fhe verlical ~Qilo f The 01.5sale maiel of theXB TK-I a>flune
)770d;fikohon 3). NATIONAL ADVISORY

COMMITTEEFC4 AE~AWKS



z
z

:
●

L-’
WI

‘=3
co
o



z
o
*

r
ul

‘=9
NJ
o



z
o.



MR No. L5F20

.L–L-J-–.L..L.L.J -J-..L_U



MR No. L5F20

,.,,, ,, ,
i J t!mbkwdj’,~i,,.

J_LJ., &L .-J., J ,, !, !,
i ‘

[ / I I I —.
,,,,: ;, ~

,, : ,.
- —- . . . .

~, : f P ; ,,1



MR No. L5F20



I
MR No. L5F20



MR No. L5F20



1-
6

MR No. L5F20

I
,~1 I I I 1 I ! 1 I I t 1 I !,, ,,, , I I

I [ I I I IUITt I 1’ I I kF-l- tm””t-1--l-’3V

/: g 1, I I,1, ,, :.’ 1 ! :,-.
:.

,, I I I I I-,! I I I I IJ4---VI I 1’ I I

“

IL



.,

MR No. L5F20

kw-+-++++t++i+li+

Iw ! I I I I I I I I I I I IA I!J, I I

I 1“1 I I I I
I I ‘~.! I ‘~ 1;’1 1:‘1”l:, I I



MR “No. L5F20

.



MR No. L5F20



MR” No. L5F20



I

MR No. L5F20

I 1-”:1 t I 1 I I I I I
, 1,, ,,

“;: ,,. , 1; ... .,., ,.. :,,

I .: ,1,. I I I I,,. ,I ,l,;.’”. ,~.:’~m

I I 1 1 1 I 1 —

,, : ,,

5
# \ 11111_._-.7.-:‘_ . ‘.. – – :: -..

~3$M
>XJ~ , -–”–

,,
, _ 1— .-., — .. —

l–
— —-

/

u-u-uL-LL-L-u-lQ@w&L



MR No. L5F20

—



MR No. L.5F20



MR No. L5F20



,,,

MR No.. L5F20



‘R No. L.5F20



MR No. L5F20

E&U_l_l-l&U_LLl_L

H-&h-t-H-h% -?iri’-lw

m.-..—.Ud“

--1.::1.



MR No. L5F20

,1, I I I’ll I ! J-1 J--J--l

Wme+ffk :’-~~-’ ~
J-—
“
-
I

W+I+++H--4+W+’I

L-..-L——LLLJJLLJLLJL—LLJ— I.-.-I



MR No. L.5F20

%1
I I It I I I I I-M -NIV..

..



I

MR No. L5F20

—.



MR No. L5F20



IL

MR No. L5F20



MR No. L5F20



MR No. L5F20



MR No. L5F20



I ‘“

MR No. L5F20

—



MR No. L5F20



MR No. L5F20



—

MR No. L5F20



MR No. L5F20

—



z

MR No. L5.F20



MR No.. L5F20



MR No. L5F20

l-l
.—--1<

r I I I I I I I II I I

I t
~ -~...++,



MR No. L5F20



. .

MR No. L5F20



Ml? No. L5F20



MR No. L.5F20



MR No. L.5F20



MR No. L5F20

4 I I I I I I I,!’i }. .

$1 J-1 t I I I I 1+;I i’, ‘,1



MR NO. L5F20



MR No. L5F20



.. MR No. L5F20



MR No. L5F20

.———. .—— .— —————. .— .— ——



MR No. L.5F20

,-.-— .-,,,.., , ., ,.,,-,,, .... ,, . .. .... . .. .-.-—. ., . - .-



MR No. L5F20



MR No. L5F20

——-.,. —..... ... .... . . — — —



MR No.. L5F20



MR No. L5F20

I



—

MR No. L5F20

kl-44QiL-L”’!’”!’! ‘!’/ i-l !“”l’K”I

-w, 1, # , t 1 1 I I \ I 1 I
I I

I 1,

l“Ti- +.+——
1Lilz.Lt--Ha

.
.2-”-:

f

—.
—.>—

i-

i
..1.

-i ‘1
1

-,”!



MR No. L5F20



MR No. L5F20



MR No. L5F20



MR No. L5F20





I

MR No. L5F20



I’4RNo. L5F20



.MR No. L5F20

$ 1:!--’..:!~.!~,,,.,!;,.l.,,,.:E ,. . ...I I I ,,.=,,;,....’,’-..::,,::,. !.,, I 1’I’ll

1l;’”’!IH+$+W

++-+++
—. — I

I1 1 I \ I I

II
1 I I I 1 t I 1

I

1

~
- - ‘1 -il?+lia

.: .++- -

—

— —
-p + , ----

—



.,

MR No. L5F20



MR No. L5F20



MR No. L5F20



MR No. L5F20



MR No. L5F20



MR No. L5F20

1 !--’1 1 I I I 1, 1 1... ,:, ,,

L“ I
;., .,, ,:, .,. ,,,

,. I

+++lllltplll,

1 t 1 I \Y 1~ :. , , , r , ! , I 1 , ! ,,, .,, , I ,,
,:,. L ,

Hllwd’lllli
,.. t:,,l,

,,
I I I !MI I 1 l“fw- 1 I I I I I I I I I I I I I I I L,

N ,
, 1 , I 1 I , ! 1 1 I I I I Etwiww

:.
.. —

., ,[, “4-LLK

- l-A/Ye’P’dA -! d++drbkk++k+id



...

MR No. L5F20



MR No. L5F20



llllllllllmlfl~lillfl~
3 1176013544375

H


